Introduction {#sec1}
============

During the late swing phase of sprinting, there is a rapid change of muscle contraction from eccentric to concentric that has been suggested as the underlying mechanism for hamstring strains. Hamstrings are maximally loaded and lengthened during this phase of rapid contraction mode change.[@bib1] Because hamstring strains commonly occur during the eccentric phase of a muscle contraction, overloading these muscles with eccentric training could potentially prevent hamstring strains.[@bib2]

A hamstring strain is a complex injury, so no one single approach can be considered the ideal method for prevention.[@bib3] Nonetheless, eccentric-based intervention has been shown to be a hopeful technique in reducing the risk of hamstring strain injuries.[@bib4], [@bib5], [@bib6] Eccentric training is recognized as a powerful stimulus to hypertrophy and increased strength because it promotes greater neural activation compared to isometric and concentric modes of contraction.[@bib7], [@bib8]

Brockett et al[@bib2] reported that eccentric loading adds sarcomeres in series that shift the length-tension curve, so peak tension is generated at longer muscle lengths. Given the length-dependent nature of muscle damage in hamstring strains near end of range, this structural adaptation optimizes the angle of peak torque to reduce the risk for potential injury.[@bib9] Static stretch and eccentric training are equally effective in improving hamstring muscles flexibility without a significant difference between both methods,[@bib10], [@bib11] and static stretching increases the concentric torque and flexibility of the hamstring.[@bib12]

Static stretching increased the eccentric and concentric plantar-flexor peak torque in trained and untrained individuals and improved the flexibility of untrained individuals more than trained individuals.[@bib13] Hamstring injuries appear to occur as a result of weakness at the muscle\'s lengthened state.[@bib14] So, an inability to increase an athlete\'s eccentric strength may predispose an athlete to subsequent injury. Combining eccentric training with a hamstring rehabilitation program may help to reduce the rate of recurrent injury.

Recently, Lovell et al[@bib15] reported that an eccentric hamstring strengthening program increased the strength and electromyographic activities to a similar magnitude irrespective of its schedule before or after football training sessions. However, architectural adaptations to support the strength gains differed according to the timing of the injury prevention program. Moreover, eccentric hamstring exercise increased fascicle length and reduced pennation angle in biceps femoris without significant changes in muscle thickness. So, this type of exercise counteracts multiple hamstring injury risk factors in physically active young adults.[@bib16]

To the best of our knowledge, although previous studies have reported that eccentric training increases muscle strength,[@bib7], [@bib8], [@bib9] decreases injury rates, increases flexibility,[@bib10], [@bib11] and improves athletic performance,[@bib6], [@bib17], [@bib18], [@bib19] no studies have been performed to compare the effects of eccentric isotonic training on the isokinetic strength profile of the hamstring muscles in trained and untrained subjects. Therefore, this study was conducted to compare the effects of eccentric isotonic training on the hamstring concentric and eccentric peak torque and hamstring flexibility between trained and untrained subjects. The present study hypothesized that the eccentric hamstring training would improve the concentric and eccentric peak torque and flexibility in both trained and untrained subjects.

Materials and methods {#sec2}
=====================

Participants {#sec2.1}
------------

Sixty male physical therapy students participated in this study. Initially, 72 students were screened for eligibility, 12 of them were excluded for different reasons. The inclusion criteria were: 1) no physical impairments in either the lower limbs or lower back in the previous year; 2) the tested extremity had to exhibit hamstring tightness with at least a 20° deficit to full knee extension from supine with the hip at 90°; 3) all subjects had to be right-side dominant; and 4) no previous injury to the hamstring muscle. An individual who was engaged in an aerobic activity, such as walking, jogging, running, or swimming, at least three times a week for more than 20 min/session[@bib20] and for more than six months[@bib21] was assigned to the trained group.

The untrained participants were defined as those who had never been involved in any type of regular resistance or aerobic training.[@bib21] To conceal group allocation, the untrained participants were allocated using a SPSS computer program (version 16.0; SPSS Inc., Chicago, IL, USA) to the two groups: the untrained experimental group or the untrained control group ([Fig. 1](#fig1){ref-type="fig"}). The demographic characteristics of the participants are shown in [Table 1](#tbl1){ref-type="table"}.Fig. 1The participants\' flowchart in the present study.Fig. 2Eccentric training on a pulley system. Starting position (a) and terminal position (b).Table 1The participants\' demographic characteristics.Control group, n = 20Untrained group, n = 20Trained group, n = 20ANOVA[a](#tbl1fna){ref-type="table-fn"}p valueAge (year)21.08 ± 2.3922.18 ± 2.8521.73 ± 2.670.363Height (cm)173.80 ± 4.15171.50 ± 4.06174.10 ± 4.790.127Weight (kg)69.75 ± 4.3872.30 ± 5.7070.95 ± 4.880.282[^1][^2]

The trained and untrained experimental groups participated in an eccentric isotonic training exercise program for the dominant right leg only. The control group did not perform any form of training exercises. Informed consent for participation in the study were obtained from all subjects at the beginning, and participants received a clear explanation of the study procedures. The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethical committee of the Faculty of Physical Therapy, Cairo University.

Instrumentation {#sec2.2}
---------------

A universal goniometer (Bench-mark Medical, Inc) was used to measure the knee extension range of motion (ROM); it is a highly reliable tool used to assess the joints ROM.[@bib10] An isokinetic dynamometer (Biodex Multi-Joint System 3, Shirley, NY) was used to measure the eccentric and concentric isokinetic peak torques of the hamstring muscles. The test protocols provided by the manufacturers were strictly followed.

Procedures {#sec2.3}
----------

Prior to data collection, the Biodex machine was calibrated, and all the procedures were explained and managed by an experienced examiner for all participants. The hamstring muscles\' isokinetic peak torque and flexibility (passive knee extension ROM) were evaluated for all groups before and after a six-week period of eccentric isotonic training. Hamstring flexibility assessment was evaluated by using the 90/90 test described by Reese and Bandy.[@bib22] The subject did not perform any kind of warm-up before the measurement of hamstring flexibility ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3Measurement of hamstring flexibility.

Eccentric isotonic training was performed by having the subject lay down in a supine position and pull the knee into the chest while hooked up above the ankle joint to a pulley system ([Fig. 2](#fig2){ref-type="fig"}a). The subject used his arms to keep the knee-chest position and then slowly and eccentrically resisted the cable as it pulled the knee into extension ([Fig. 2](#fig2){ref-type="fig"}b). The force produced by the pulley system equals 40% of the subject\'s one repetition maximum throughout and resisted by the trainee through five counts to full extension.[@bib13] The eccentric exercise was repeated six times for a total period of 30 s,[@bib8] five days/week for a six-week period.

All sessions of isokinetic testing were carried out at the same time of the day, more than 3 h after a meal, and the room temperature was maintained at 21 °C. The subject warmed up before the isokinetic torque evaluation.[@bib23] After that, the subjects were positioned in an isokinetic dynamometer according to the recommended prescriptions of Dvir.[@bib24]

The knee flexor torque was evaluated under eccentric and concentric isokinetic at angular velocities 60° and 120°/s.[@bib25], [@bib26], [@bib27], [@bib28] The ROM for the eccentric/concentric isokinetic evaluations was set to 70° (extension from 20° to 90° and flexion from 90° to 20°). Each test (60° and 120°/s) consisted of a set of five consecutive maximal voluntary eccentric/concentric contractions with 1 min of rest between different velocities.[@bib24] The maximum peak torque obtained for the five contractions of knee flexors was calculated at the end of each set.

Statistical analysis {#sec2.4}
--------------------

Data were analyzed using a Statistical Package for Social Sciences (Armonk, NY: IBM Corp.) version 20.0. A two-way analysis of variance (ANOVA) was used to assess the isokinetic peak torques within group and between groups. Change scores were also calculated. Finally, one-way ANOVA was used to compare the values of the knee flexion ROM among all groups. A probability of p \< 0.05 was considered to be statistically significant. Prior to final analysis, data were screened for normality and homogeneity of variance assumptions.

Results {#sec3}
=======

There were no significant differences between the groups regarding their age, weight, and height (p = 0.363, 0.282, 0.127, respectively), as shown in [Table 1](#tbl1){ref-type="table"}. The pre-values of the trained group were significantly higher than the pre-values of the control and untrained groups at angular velocity 60°/s (p = 0.007, 0.016, respectively), without a significant difference between the pre-values of the trained and untrained groups (p = 0.167) at angular velocity 120°/s. There was no significant difference between the pre-values of the control and untrained groups at angular velocities 60° and 120°/s (p = 1.000).

There were significant improvements in the hamstring eccentric torque of the untrained and trained groups (p = 0.001) without a significant increase in the hamstring eccentric torque of the control group (p = 0.544, 0.402), respectively, at both angular velocities. The post values of the untrained and trained groups were significantly higher than the post value of the control group (p = 0.025, 0.001, 0.011, 0.001, respectively) at both angular velocities, without a significant difference between the post values of the untrained and trained groups (p = 0.198, 0.654, respectively). Regarding the change score of the eccentric torque, the untrained group was significantly higher than the trained and control groups (p = 0.001), and the trained group was significantly higher than the control group at both angular velocities (p = 0.001), as shown in [Table 2](#tbl2){ref-type="table"}.Table 2The values of peak torques for the hamstring muscles during eccentric and concentric modes of contraction at angular velocities 60° and 120°/s.VariablesControl group, n = 20Untrained group, n = 20Trained group, n = 20PrePostChange scorePrePostChange scorePrePostChange scoreHamstring eccentric torque (Nm) (M±SD)60°/s108.55 ± 21.84109.15 ± 20.890.60 ± 2.93110.65 ± 19.55127.25 ± 22.6016.60 ± 4.81129.75 ± 21.29139.65 ± 19.159.90 ± 5.14120°/s104.35 ± 22.05105.70 ± 21.311.40 ± 3.53107.95 ± 19.77125.40 ± 21.6117.45 ± 5.40121.10 ± 21.92130.90 ± 18.719.80 ± 7.57Hamstring concentric torque (Nm) (M±SD)60°/s91.35 ± 20.6292.50 ± 20.501.15 ± 1.5090.85 ± 21.6992.20 ± 21.961.35 ± 1.6399.85 ± 25.98100.45 ± 25.780.60 ± 2.28120°/s79.20 ± 18.2679.05 ± 18.95−0.15 ± 2.1679.65 ± 19.1879.85 ± 18.970.20 ± 2.9583.70 ± 24.8983.40 ± 23.73−0.30 ± 2.25[^3]

For the hamstring concentric isokinetic peak torques, there was no significant difference between the pretraining mean values of control, untrained, and trained groups at both angular velocities (p = 1.000, 0.781, 0.948, 1.000, 0.752, 1.000, respectively). There were no significant improvements in the concentric torque of the three groups at both angular velocities (p = 0.134, 0.399, 0.090, 0.349, 0.229, 0.574, respectively). Moreover, there were no significant differences between the post values of the three groups at both angular velocities (p = 1.000, 0.829, 1.000, 1.000, 0.763, 1.000, respectively). There were no significant differences between the change score of concentric torque of the three groups at both angular velocities (p = 0.414, 0.808, respectively) ([Table 2](#tbl2){ref-type="table"}).

Regarding the knee flexion ROM, there was no significant difference between the pretraining mean values of the three groups (p = 0.445). There were significant increases in the hamstring flexibility of the untrained and trained groups (p = 0.001), without a significant increase in the control group (p = 0.070). The untrained and trained groups post values were significantly higher than the control group values (p = 0.003, 0.011, respectively), without a significant difference between the untrained and trained groups (p = 0.640). The change score of hamstring flexibility of the untrained group was significantly higher than the trained and control groups (p = 0.001), and the trained group was significantly higher than the control group (p = 0.001), as shown in [Table 3](#tbl3){ref-type="table"}.Table 3The values of pre-training and post-training knee flexion ROM (degree).VariablesControl group, n = 20Untrained group, n = 20Trained group, n = 20Pre knee flexion ROM32.45 ± 5.5931.90 ± 7.5329.95 ± 6.17Post knee flexion ROM31.55 ± 5.8425.65 ± 6.3226.55 ± 5.99Change score00.90 ± 2.1006.25 ± 1.8603.40 ± 1.14[^4]

Discussion {#sec4}
==========

The hypothesis of this study was partially satisfied as we found that the eccentric isotonic training improved the eccentric isokinetic peak torque of the hamstring muscles at angular velocities 60° and 120°/s. On the other hand, there was no improvement in concentric isokinetic peak torque at both angular velocities. Moreover, there was an improvement in hamstring flexibility in both the trained and untrained groups.

The improvement of the hamstring eccentric torque is supported by the findings of Sato et al,[@bib23] who reported that eccentric training significantly increased the eccentric torque values than before intervention without significant changes in concentric and isometric torques. Moreover, Roig et al[@bib29] reported that eccentric training was more effective than concentric training in increasing the muscle mass and cross-sectional area.

These results are in agreement with Guex et al,[@bib30] who found that eccentric training of the hamstring increased the fascicle length from 4.9% to 9.3%. The concentric peak torque did not change, whereas the eccentric peak torque increased by 12.9%--17.9%, which proved the positive relationship between muscle fiber length and the gain of eccentric torque. This reasoning is supported by the findings of Timmins et al,[@bib31] who concluded that eccentric training of the hamstring muscles increases the fascicle length of the biceps femoris long head more than the concentric training in healthy subjects.

The strength gains have a strong correlation with the training modes, i.e., greater concentric strength gains were obtained after concentric training and greater eccentric gains were obtained after eccentric training.[@bib32] In the same context, Kaminski et al[@bib25] reported that eccentric isotonic training produced significant improvements in eccentric strength, while concentric isotonic training created no significant eccentric strength gains. Housh et al[@bib33] also suggested that eccentric isotonic resistance training of the quadriceps musculature produced no significant concentric strength gains at any velocity. However, the results of these studies were derived from healthy untrained individuals, while the current study was conducted on trained and untrained groups. Surprisingly, the change scores in the eccentric peak torque at angular velocities 60° and 120°/s were significantly greater in the untrained group as compared with the trained group.

The improvement in eccentric isokinetic peak torque of the hamstring muscles could be attributed to two main factors: 1) the neural factors, such as increased activation of agonist and/or synergist muscles involved in the muscle action, improved coordination, and reduced coactivation of antagonist muscles, and 2) the hypertrophy of muscle fiber size,[@bib34] which leads to an increase in leg girth.[@bib2] Moreover, eccentric training increases the fascicle length and reduces the pennation angle that decrease the recurrent hamstring injury risk factors in physically active young adults.[@bib15]

It should be noted that neural factors affect muscle strength within three weeks (short-term effect). On the other hand, the effect of muscle hypertrophy increases the muscle gains after three weeks (long-term effect).[@bib35], [@bib36] So, both strength mechanisms were influential as the eccentric training was extended for six weeks. In addition, the highest change score of untrained subjects compared to trained subjects could be explained by, to some degree, the neural factors and muscle hypertrophy that were already experienced by trained subjects.

Moreover, the eccentric torque prevalue of trained subjects was significantly higher than the prevalue of untrained subjects at low angular velocity 60°/s, which may explain the greatest change score eccentric torque of untrained subjects compared to trained subjects. However, the same thing did not happen at angular velocity 120°/s. These results may be attributed to the presence of neural inhibition during eccentric compared to concentric contractions, which was evident in sedentary individuals but not in elite athletes, and may suggest that any neural inhibition may be attenuated by training.[@bib37] The neural mechanisms that inhibit activation during the maximal eccentric efforts of untrained individuals remains unclear. However, it is thought that the neural mechanisms protect the joint from potentially injurious high levels of force that can be produced during eccentric contractions. Nonetheless, a hamstring\'s volume was strongly related to knee flexor eccentric strength, suggesting that neural inhibition during eccentric contractions may be muscle specific.[@bib38]

The significant improvement in the eccentric isokinetic peak torque of the hamstring muscles in untrained subjects after the intervention is supported by the findings of Cowell et al,[@bib39] who reported that eccentric resistance training is more effective than concentric training for improving muscle strength. Moreover, Guilhem et al[@bib40] concluded that eccentric training leads to strength gains, which were higher when tested eccentrically rather than concentrically and higher when trained isotonically rather than isokinetically.

Cook et al[@bib41] proved that eccentric exercise training can enhance strength gain in already-trained athletes. Also, the results of the current study showed that the eccentric training in the amateur trained group, using a simple pulley system, could produce results similar to those reported by the aforementioned study conducted on professional athletes in terms of strength improvement.

The nonsignificant increase in the concentric torque of the three groups at both angular velocities was consistent with the mode-specificity concept of training that was reported by Carvalho et al,[@bib42] who reported that eccentric training of a short duration induces a greater mode-specific stimulus for an increase in strength because it augments eccentric strength more than the concentric training effect on concentric strength. Moreover, muscle strength gains after concentric and eccentric training rely greatly on the muscle action used for both training and testing. Hence, the eccentric training of the current study only produced an increase in the eccentric torque.

The changes in strength revealed more signs of specificity related to velocity and contraction type after eccentric than concentric training.[@bib8] The higher loads developed during the eccentric contractions could be responsible for the efficiency of eccentric training in increasing eccentric muscle strength without a significant effect in the concentric muscle strength in trained and untrained subjects. The improvement of eccentric torque only (mode-specificity training) in trained and untrained subjects is supported by the findings of Brassine,[@bib43] who found that the gains in the eccentric mode were reported after a two-week eccentric training program, and no differences were found in concentric and isometric modes. Moreover, Roig et al[@bib29] and Morrissey et al[@bib44] suggested that eccentric training increased more eccentric strength than the concentric training increased concentric strength.

However, during the evaluation procedure of the present study, eccentric torque testing was immediately followed by concentric torque testing. The concentric torque results are not supported by the findings of Svantesson et al,[@bib45] who reported that if the eccentric contraction was immediately followed by a concentric contraction, it would increase the values of the concentric contraction. In addition, Wilson et al[@bib46] stated that eccentric loading increases the potential energy stored in the muscle that will increase the immediate concentric peak torque production; this controversy can be explained by the mode-specificity training concept.

Many studies have revealed that eccentric training is able to improve muscle flexibility in professional athletes and provide a protective strategy against injury; Nelson and Bandy[@bib10] proved that eccentric training is equal to static stretch in achieving gains in hamstring flexibility and able to shift the optimum angle 7.7° in hamstring muscles for tension generation.[@bib3] Moreover, eccentric training increased the optimal length of the hamstring and quadriceps muscles.[@bib47] Interestingly, these studies were conducted on professional athletes. Yet, the current study supports these findings; however, the improvement has been achieved in untrained and trained subjects who were not professional athletes.

The hamstring flexibility of trained and untrained subjects significantly improved compared to control subjects without a significant difference between the two groups. Nonetheless, the greatest change score of the untrained subjects might be attributed to the lower hamstring flexibility values in the untrained group as compared to the trained group at the baseline measurement and the aerobic activities that were performed by the trained subjects before the eccentric training. It is well known that aerobic exercises have been advocated as an effective means of enhancing the extensibility of the tissue.[@bib48]

So, the results of the current study revealed that eccentric training is more beneficial for untrained subjects than trained subjects. The greatest change score of the untrained group proved the effectiveness of eccentric training in stimulating gains in muscle eccentric torque of those who were not involved in any training program. However, eccentric training cannot achieve the same level of improvement in the trained group because of their regular aerobic training had already increased their skeletal muscle mass and was associated with improvements in aerobic capacity, cardiovascular function, and metabolic regulation.[@bib49]

Limitations {#sec4.1}
-----------

The study had some limitations. First, the gender in this study was limited to males only, so the appropriateness of generalizing the results is confined to this specific population. Second, all included participants were healthy at the time of testing and had no hamstring injuries. In future research, researchers should investigate subjects who have hamstring injuries. Third, we did not examine the effect of the eccentric isotonic training on the torque-angle relationship because eccentric training changes the peak knee flexion torque angle.[@bib50] Thus, further study is needed to determine if eccentric training will affect the angle of peak torque during eccentric and concentric contraction, which must be considered during the design of a hamstring-injury prevention program. Finally, the hamstring peak torque was only measured in the open kinetic chain in this study, so caution must be taken when generalizing these results to functional closed-chain activities.

Conclusion {#sec5}
==========

A six-week period of eccentric training improved hamstring flexibility and eccentric torque in both trained and untrained subjects without improvement in the concentric torque. The improvement in the hamstring eccentric torque and flexibility of the untrained group was higher than the trained group. So, incorporating eccentric training in a hamstring rehabilitation program may increase eccentric strength and flexibility and reduce potential hamstring injuries.
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[^1]: Data are presented as mean ± standard deviation.

[^2]: Significance level from ANOVA between the three groups.

[^3]: Data are presented as mean ± standard deviation.

[^4]: Data are presented as mean ± standard deviation.
